Background: The aim of this study is to determine the prognostic factors which affect both disease-free survival (DFS) and overall survival (OS) in thyroid papillary carcinoma with clinical lateral lymph node metastasis.
INTRODUCTION
Papillary thyroid carcinoma is common among endocrine malignancies. Papillary thyroid carcinoma frequently metastasizes to the regional lymph nodes, [1] and this occurs approximately 30%-80% in papillary thyroid carcinoma patients. [2] According to tumor-node-metastasis staging system of the American Joint Committee on Cancer, regional lymph node metastasis is classified as central lymph node metastasis (N1a) and lateral lymph node metastasis (N1b) due to the location of metastatic lymph nodes. [3] In addition to this staging system, some other factors have been investigated for the effect on clinical outcomes in various guidelines. These potential prognostic markers are aggressive histology, extrathyroidal extension, incomplete tumor resection, vascular invasion, multifocality, >5 involved lymph node, lymph node metastasis >3 cm, distant metastases, and BRAF and TERT gene mutations. [4] There are some studies investigating prognostic significance of lymph node ratio in disease recurrence as well. [5] To the best of our knowledge, the presence of cervical lymph node metastasis in papillary thyroid carcinoma has limited prognostic utility for predicting disease-specific survival. [6, 7] The impact of lymph node metastasis on locoregional recurrence has not been well identified. If the risk factors for poor prognosis in N1b patients are delineated, patients who need aggressive treatment can be identified, risk classifications can be ruled, and optimal management strategies can be stated. Our aim was to determine the prognostic factors This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. which affect both disease-free survival (DFS) and overall survival (OS) in thyroid papillary carcinoma with clinical lateral lymph node metastasis.
METHODS

Ethical consideration
The patients' data were collected retrospectively and approved by our Institutional Ethical Committee.
Study population and postoperative treatment
One hundred and three consecutive adult patients who received therapeutic lateral neck dissection because of papillary thyroid carcinoma, at Ankara Oncology Training and Research Hospital, between December 1989 and June 2010 were analyzed. Patients with gross extrathyroid extension, aggressive variant of papillary thyroid carcinoma and distant metastases at initial were excluded from the study. All of the patients were classified as intermediate risk group according to ATA risk stratification model.
All patients underwent total thyroidectomy at the time of the initial diagnosis. Diagnosis of lateral lymph node metastasis was confirmed with preoperative ultrasonography-guided fine-needle aspiration biopsy or excisional biopsy in most of the patients, and the diagnosis was established clinically (palpable lateral lymph node or suspicious radiological imaging) in a few of them. Lateral neck dissection was performed en bloc including regional lymph node levels of II-IV and V if necessary together with total thyroidectomy. Ipsilateral central lymph node dissection was also added to the surgical procedure. All the patients received I-131 ablative therapy after lateral lymph node dissection under hypothyroid conditions (after levothyroxine withdrawal for at least 4-6 weeks). After I-131 ablative therapy, an I-131 whole body scan was performed to confirm the success of ablation and then thyroid-stimulating hormone suppressive therapy was given. Any patient did not receive external beam radiotherapy during the postoperative period. However, it was used in 2 patients who had either unresectable structural recurrence (structural disease is that either biopsy proven or highly suspicious for disease with or without abnormal serum Tg [4] ) or residual disease after re-resection in the follow-up period.
Follow-up procedure
In the postoperative follow-up period, patients received a routine periodic clinical examination (every 3-6 months at the initial year and then yearly interval). Serum thyroglobulin levels with or without thyroid-stimulating hormone stimulation, anti-thyroglobulin antibodies, and thyroid laboratory panel (thyroid-stimulating hormone, free T3 and T4) were measured. For patients suspected for disease recurrence, neck ultrasonography, positron emission tomography, magnetic resonance imaging, and whole body scan were performed. Patients were considered as having no evidence of disease if the stimulated thyroglobulin value was below 2 ng/mL with negative anti-thyroglobulin antibodies and if no tumor was identified on whole-body scan or radiologic imaging. Patients were regarded to have persistent disease if they had stimulated thyroglobulin value of at least 2 ng/mL and/or showed clinical, radiological or pathological evidence of disease during 12 months after lateral lymph node dissection. Subsequently developed disease after lateral neck dissection with no objective criteria for persistent disease was classified as recurrent disease. Recurrence was classified as locoregional if it involved the thyroid bed, trachea, esophagus, midline of the neck in the thyroid region, or nodes of the neck near the previous neck dissection.
Prognostic parameters
We analyzed several clinicopathological features on survival. Age, gender, tumor stage and size, multicentricity and bilaterality of the tumor, vascular invasion and extrathyroidal invasion of the primary tumor, ipsilateral/contralateral lymph node involvement, lymph node ratio, extranodal tumor extension, and development of recurrence were the factors which might affect disease-free and OS. Primary tumor diameter was measured directly on the surgical thyroid specimens. Lymph node ratio was calculated by dividing the number of positive lymph nodes by the total number of lymph nodes removed.
Statistical analysis
The primary end-point of the study was DFS and OS. Lateral lymph node dissection was the starting point for DFS and OS. Patients were followed up until either to death or to the last date the patient was known to be alive. Descriptive statistics were used to calculate frequencies and percentages for all variables involved. Univariate analysis of continuous variables was performed using t-test, and categorical values were determined using the Fisher's exact test. A receiver operating characteristic analysis was used to find the cutoff value with the highest accuracy for lymph node ratio. Univariate survival curves for DFS and death were estimated using the Kaplan-Meier method for the patients without persistent disease; group differences in survival time were tested by the log-rank test. Multivariate Cox regression analysis was carried out to compare and to identify independent prognostic factors for DFS and death. All significant parameters in univariate analysis were used in the multivariate model and excluded for P > 0.05. All analysis was carried out using SPSS software (21.0; SPSS Inc, Chicago, IL, USA).
RESULTS
This study involved 103 consecutive papillary thyroid cancer patients with clinical N1b lymph node metastasis. According to the American Joint Commission on Cancer 7 th edition/TNM Classification System, there were 60 patients in Stage I and 43 patients in stage IVA. The median age of the patients was 42 years (range 19-74 years) when lateral lymph node metastasis diagnosed. The histological subtypes were papillary carcinoma in 89, follicular variant in 12, tall cell variant in 1, and columnar variant in 1 patient. Lateral lymph node dissection was performed bilaterally on 7 patients whereas the rest of the patients received it unilaterally. All the patients those who have unilateral lateral lymph node metastasis received unilateral central dissection together with unilateral lateral lymph node dissection. The rest of the patients (7 patients) underwent bilateral central neck dissection.
The factors related with survival
Patients and tumor characteristics were given in Table 1 . In 36 patients, the tumor was localized in the right lobe, in 34 patients left lobe, and in 33 patients tumor was confined to both lobes. The tumor size was 1 cm or less in 16 patients, more than 1 cm but not more than 2 cm in 27 patients, more than 2 cm but not more than 4 cm in 46 patients, more than 4 cm in 11 patients, and the primary tumor could not be assessed in 3 patients. There was contralateral metastasis in 4 patients. The median number of metastatic and total removed lymph node was 4 (range 1-41) and 23 (range 12-75), respectively.
Clinical outcomes
The follow-up period of the patients was median 101 months (range 16-308 months). During the follow-up period, locoregional or systemic recurrence developed in 20 patients (19.4%) while 7 patients (6.8%) had persistent disease and any recurrence was not experienced in the rest of the patients. In addition, locoregional structural recurrence was developed in two out of seven patients with persistent disease. Locoregional and systemic recurrence rates were 81.5% and 18.5%, respectively, and repeated operations for disease recurrence in the lateral neck were conducted in 22 patients (21.4%) in median 36.5 months. After central lymph node dissection, structural recurrence in Level VI neck area did not develop in any of the patients. TNM stage did not affect recurrence after lateral lymph node dissection either (16.1% in Stage I patients and 28.2% in Stage IV A patients, P = 0.15). In the follow-up period, I-131 ablative therapy was readministered if needed. The median DFS time after lateral neck dissection was 88.5 months. At the end of the study, only our patients (3.9%) died because of the disease.
Univariate and multivariate analysis
The effective factors on DFS and OS in univariate analysis were given in Table 2 . Advanced age and lateral lymph node metastasis development in contralateral side had negative effect on OS. In addition, when persistent disease excluded development of locoregional or systemic recurrence after lateral lymph node dissection affected OS adversely compared with progression-free disease.(225.9 ± 13.4 vs. 304.3 ± 3.6 months, P = 0.007). Furthermore, locoregional recurrence development did not affect OS adversely in the whole cohort (P = 0.07). OS was much poorer in case of systemic disease development than both locoregional disease development and in patients with no structural disease (P = 0.002, and P = 0.001 respectively). In multivariate analysis, lymph node ratio (P = 0.003, relative risk (RR) 5.4, 95% confident interval [CI] 1.7-16.5) and contralateral lymph node involvement (P = 0.02, RR 4.9, 95% CI 1.3-18.5) were the independent factors affecting DFS. On the other hand, contralateral lymph node involvement (P = 0.009, RR 44.4, 95% CI 2.5-765.2) was the only factor which affected OS. The prognostic value of lymph node ratio was reasonable in our analysis with a sensitivity of 80.0% and a specificity of 62.0% at a cutoff value of 0.21.
DISCUSSION
The incidence of papillary thyroid carcinoma is increasing rapidly worldwide. [8] The tumor spreads mainly by lymphatic route. Central lymph nodes are usually the first station; however, sometimes skip metastasis to the lateral lymph nodes is possible. [9] Studies have shown that N1b stage is an independent prognostic factor for DFS and cause-specific survival of papillary thyroid carcinoma patients, who frequently show recurrence in the lymph nodes. [10, 11] Herein, we investigated the clinicopathological parameters which may have effect on DFS and OS in N1b patients.
Disease recurrence rate was 19.4% in our study for median 101 months. The incidence of disease recurrence ranges between 10% and 28%, in literature. [7, [12] [13] [14] This wide range of recurrence in literature can be attributed to various follow-up periods. Most of other studies have a follow-up period of at least 5 years. When the long follow-up period of this study considered, the recurrence rate seems to be quite better compared with those others. Probably, this is because of younger median age in the present study. Only in univariate analysis, we found age as a significant parameter both in DFS and OS whereas gender affected only DFS. This is compatible with the recent studies. [7, [15] [16] [17] There are also some studies sustaining male gender affecting disease recurrence as well. [7, 16, 18] Tumor size and stage, extrathyroidal invasion, multicentricity and bilaterality of the tumor, extranodal extension of the involved lymph node did not affect DFS and OS in this study. There is no consensus on multicentricity and bilaterality affecting prognosis; however, there is almost an agreement in tumor size and extranodal extension of the involved lymph node affecting survival in literature. [12, [16] [17] [18] [19] There were discordant numbers of patients with and without extranodal extension which may lead to this difference in our study. Furthermore, the fundamental reason may be the heterogeneous conditions of other studies; including all the differentiated thyroid cancers in the study other than papillary thyroid carcinoma, the extent of thyroidectomy and receiving I-131 ablative therapy, and applying prophylactic or therapeutic lateral neck dissection may cause the difference in studies. [20] Our study included only papillary thyroid carcinoma diagnosed patients, and all of them received total thyroidectomy and I-131 ablative therapy. Therefore, also, the significance of tumor size in survival may not be displayed.
Metastatic lymph node ratio is a prognostic factor in most recent studies. [4, 12, 17, 18, 21, 22] There are various cutoff values of 0.26-0.42 for metastatic lymph node ratio in these studies. This difference both depends on the extent of lymph node dissection and surgical practice (prophylactic or therapeutic lateral neck dissection) as well. Metastatic lymph node ratio rather than the number of involved lymph nodes was an independent factor for DFS in our study with a cutoff value of 0.21 (P = 0.001). However, we were not able show the effect of metastatic lymph node ratio on OS. A minority of patients die because of the indolent course and favorable prognosis of papillary thyroid carcinoma. In our study, four patients died due to disease. The length of follow-up period was insufficient to show the effect of metastatic lymph node ratio on OS. For this reason, the effect of metastatic lymph node ratio on OS may not be expressed in our study.
Skip metastases are ipsilateral lymph node metastases without affected central lymph nodes, and they are rarely seen. [9] Contralateral lymph node metastases are more prevalent only in tumors that already had ipsilateral lymph node metastases. [23] However, papillary thyroid carcinoma located in one lobe showing contralateral but not ipsilateral N1b is not impossible. To the best of our knowledge, Ito et al. [24] were the only researchers investigating the relationship between isolated contralateral lymph node metastasis and survival. They claim that isolated contralateral lymph node metastasis causes indolent behavior of the disease and they did not report any recurrence and mortality in those 13 patients in an average follow-up period of 69 months. However, seven out of these 13 patients also revealed ipsilateral lymph node metastasis in postoperative pathology. Furthermore, those patients who had real isolated contralateral lymph node metastasis showed no extrathyroidal extension. There were only four patients of this type in our study. All of them revealed microscopic ipsilateral lymph node metastases. All of them were aged over 45 years and showed extrathyroidal extension as well. In our study, contralateral lymph node metastasis is the only independent factor which affected both DFS and OS (P = 0.003, and P = 0.001).
In literature, most of the studies related to effective parameters on recurrence and survival are not homogeneous when applied surgery, histological type, and postoperative adjuvant treatments considered. This is a single-center study with a long follow-up period which includes homogeneous study population regarding mentioned features. However, small sample size is the weakness of this study.
CONCLUSIONS
The clinical significance of metastatic lymph node ratio and contralateral lymph node metastasis in DFS after long-term follow up are shown in this study. However, contralateral lymph node metastasis was the only independent parameter for OS in patients with clinical N1b patients in papillary thyroid carcinoma.
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